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INTRODUCTION 


I  . 

A  radiograph  is  an  image  on  film  of  the  shadows  cast  by 
objects  lying  between  an  x-ray  source  and  the  film.  A  flash 
radiograph  is  made  using  an  x-ray  pulse  of  very  short  duration. 

The  x-rays  are  emitted  from  a  very  small  volume,  as  close  to  a 
point  source  as  practical.  There  being  no  convenient  way  to 
bend  or  reflect  x-rays,  nothing  can  be  done  to  redirect  the  ones 
headed  in  the  wrong  direction,  or  to  create  a  collimated  beam  as 
in  the  case  of  a  flashlight  or  spotlight.  Although  the  x-ray 
intensity  distribution  peaks  in  a  cone  of  about  20  degrees,  the 
x-rays  act  like  light  emitted  from  a  lamp  with  a  small  filament 
and  no  reflector  or  diffuser,  illuminating  the  entire  volume  of 
space  surrounding  it.  As  with  visible  light,  individual  rays 
follow  straight  lines  from  source  to  eventual  absorption. 

In  flash  radiography,  the  object  being  measured  absorbs  es¬ 
sentially  all  of  the  x-rays  falling  on  it,  while  the  surrounding 
x-rays  proceed  to  the  film,  exposing  it  and  forming  a  useful 
imaged  The  shadow's  image  is  bigger  than  the  object,  and  all  but 
the  image  of  the  point  directly  below  the  source  is  displaced 
radially  away  from  this  point.  Compare  this  so-called  stereo¬ 
graphic  projection  in  geometry  (from  a  point)  with  that  of  the 
more  familiar  orthographic  projection,  where  a  perpendicular  from 
the  plane  traces  the  outline  of  the  object  onto  the  plane  (see 
Figure  1).  Note  that  the  two  projections  do  not  cast  shadows  of 
the  same  profile  thru  the  object — the  "horizon"  on  the  object  in 
the  stereographic  projection  being  closer  to  the  source  than  that 
in  the  orthographic  projection.  Note  also  that  as  the  source  is 
moved  further  and  further  away  from  the  object,  the  stereographic 
projection  becomes  indistinguishable  from  the  orthographic  one. 
This  is  exploited  in  typical  radiographic  ranges  by  placing  the 
tubes  as  far  away,  and  the  film  as  near  to,  the  shot  line  as 
practical,  within  required  exposure  intensitites  and  other 
constraints.  Even  then,  however,  image  dimensions  are  typically 
10%  larger  than  those  of  the  object. 

This  setup  geometry  would  not  be  particularly  objectionable, 
were  it  not  for  the  frequent  necessity  of  recording  images  from 
more  than  one  tube.  These  images  are  overwritten  in  the  same  area 
on  the  same  film.  The  result  is  called  a  multi-flash  radiograph. 
Such  a  radiograph  is  usually  used  to  produce  a  record  from  which 
kinematic  (position  and  time)  information  about  the  (ballistic) 
event  can  measured.  The  enlargement  of  each  image  and  the  rela¬ 
tive  displacement  of  points  from  image  to  image  requires  data 
reduction  to  determine  the  true  object  positions  before  the  data 
can  be  used.  The  process  by  which  this  is  done  is  called  recti¬ 
fication.  Two  methods  for  accomplishing  this  are  described. 

In  one,  the  product  is  an  orthographic  projection  of  the  objects 
onto'  the  film  plane  at  a  one-to-one  scale.  In  the  other  more 
specialized  method  an  enlarged  version  is  produced.  Each  method 
has  its  advantages  and  disadvantages.  Both  are  simple  to  do  and 
lend  themselves  well  to  either  graphical  or  computerized  reduction 
t  e chni que  s • 
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1.  Stereographic  (left)  versus  Orthographic 
Projections  of  a  Solid  Object  onto  a  Plane 


(right) 


II.  RECTIFICATION  TO  TRUE  SIZE 

To  illustrate  the  displacements  that  can  occur  when  several 
source  points  project  images  on  the  same  film,  consider  the 
projection  geometry  in  Figure  2.  The  diamond,  circle,  and  square 
lie  in  a  common  plane,  and  each  is  projected  by  a  separate  source 
onto  the  common  image  plane.  Although  their  lines  of  symmetry 
divide  a  common  line  into  equal  lengths,  the  offset  of  the  three 
sources  and  their  different  standoffs  cause  the  images  to  be  stag¬ 
gered  and  of  different  sizes.  The  diamond  is  projected  larger  than 
the  circle,  and  the  circle  in  turn  is  projected  larger  than  the 
square.  To  rectify  the  multiple  image  record,  one  must  reduce 
each  image  to  its  original  size,  and  position  it  correctly  rela¬ 
tive  to  the  point  directly  under  each  respective  source  (typically 
established  on  the  film  by  means  of  fiducial  wires).  Let's  do 
this  for  the  diamond.  Refer  to  Figure  3.  Since  every  point  in 
the  image  plane  has  been  expanded  away  from  the  point,  P,  under 
the  source,  S,  by  a  magnification  factor,  M,  each  distance  can  be 
restored  by  dividing  by  M.  For  each  image  point,  measure  the 
distance  from  P  along  a  line  from  P  thru  that  point,  divide  by  M, 
and  plot  a  point  at  this  distance  from  P  along  the  line. 
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Figure  3.  Rectification  of  a  Single  Image 
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In  real  life,  this  can  be  done  with  a  drafting  scale  and  a 
soft  pencil  directly  on  a  radiograph,  or  on  a  sheet  of  tracing 
paper  over  the  radiograph,  or  by  digitizing  the  film,  performing 
the  appropriate  calculations  on  a  computer,  and  plotting  the 
results  at  a  convenient  scale.  Note  that  the  figure  shows  the 
entire  setup  geometry,  including  the  x-ray  tube  head  and  object  in 
space,  while  the  rectification  is  actually  performed  only  on  the 
film,  dissociated  entirely  from  the  exposure  setup  in  the  test 
area. 


Each  image  in  turn  is  rectified  to  the  size  and  position  it 
would  have  were  it  projected  onto  the  film  by  a  conventional 
orthograpic  projection.  (The  orthographic  projection  is  familiar 
to  us  in  drafting  and  blue  print  reading.)  Figure  4  represents  a 
(flat)  radiograph  in  the  image  plane  in  Figure  2.  It  illustrates 
the  graphical  rectification  procedure  of  the  image  from  the  setup 
shown  above.  Lightly  drawn  pencil  lines  radiate  from  each  sub¬ 
source  point  (PI,  P2  ,  P3)  thru  the  feature  of  interest  on  each 
image.  The  corrected  point  is  indicated  on  each  line  by  a  dot, 
and  the  rectified  images  shown  as  dashed  lines.  As  many  or  as  few 
points  as  desired  may  be  done,  as  indicated  in  the  case  of  the 
circle  • 

A  helpful  trick,  which  reduces  the  amount  of  drawing  actually 
done  on  the  film,  is  to  locate  a  scale  with  its  zero  on  the  sub¬ 
source  point  (P)  and  its  edge  passing  through  the  image  feature 
in  question.  Read  off  the  distance  to  the  feature,  multiply  by 
the  correction  factor  K  *  1/M,  then  put  a  tic  mark  on  the  film  or 
overlay  at  that  distance.  Certain  combinations  of  projection 
factors  and  scale  divisions  can  be  intentionally  used  to  make  this 
process  easier.  A  correction  factor  of  0.9  and  a  scale  subdivided 
into  tenths  eliminates  the  need  for  computing  new  lengths. 

Instead,  the  process  is  done  mentally  on  the  scale  itself  by 
subtracting  0.1  inch  or  centimetre  for  each  inch  or  centimetre 
measured,  0.01  unit  for  each  fractional  tenth,  and  so  on.  The 
process  is  illustrated  in  Figure  5.  A  combination  of  a  magnifi¬ 
cation  factor  of  0.875  and  a  scale  divided  into  eighths  or  any 
other  combination  where  scale  factor  plus  subdivision  add  to  unity 
are  equally  suitable. 


III.  TWO  EXAMPLES 

The  technique  discussed  above  can  be  used  to  best  advantage 
where  the  rectified  image  is  required  to  be  full  size  and  the 
number  of  points  handled  is  relatively  small.  For  example,  it 
is  used  to  determine  the  true  horizontal  and  vertical  angles  of 
trajectories.  To  illustrate  this,  consider  the  problem  en¬ 
countered  during  the  development  of  the  pusher  plate  deflector. 
An  expendable  plastic  device  with  a  hole  thru  it  to  pass  the 
projectile  is  aligned  to  the  shot  trajectory.  When  the  pusher 
plate  and  obturator  strike  it,  the  pusher  plate  is  deflected  off 
the  shot  line.  Changes  in  its  geometry  strongly  influence  the 
deflection  angle.  To  find  out  this  relationship,  numerous 
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Figure  5.  Sneaky  Trick  to  Determine  True  Position  of  Point 
on  Film  Using  Decimal  Scale  When  k  =  0.9 


Figure  4.  Graphical  Construction  Rectifying  the  Three  Images 
on  a  Piece  of  Film  in  the  Image  Plane  Shown  in  Figure  2 
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experimental  deflectors  were  used  in  conjunction  with  required 
erminal  ballistic  tests.  Determination  of  the  path  of  the  pusher 
plate  was  only  incidental  to  the  basic  test,  so  the  x-ray  timing 
»as  not  optl.tMd  for  'ho  tank.  Thu.  position  of  the  ^ 

Oh  the  film  were  frequently  quite  deceiving.  Figure  6  illustrates 
a  typical  film  image,  with  the  rectification  process  used  to  find 
the  true  path  of  the  pusher  plate. 


IMAGES  OF 


TRUE  ANGLE  IN 
VERTICAL  PLANE 


WIRE 


FIDUCIAL  WIRES  FOR  TUBES 


Figure  6.  Determining  True  Projection  Angle  of 
Trajectory  from  Images  on  Film 


Another  use  for  this  technique  is  to  sort  out  which  tube  head 
produced  which  image  when  there  is  doubt.  In  a  multiflash  system 
wit  we  separated  heads,  it  is  quite  possible  to  project  the 
successive  images  so  that  the  one  later  in  time  appears  uprange  of 
an  ear  ier  image  on  the  film.  For  example,  this  can  occur  when 
t  e  intervals  between  flashes  are  small,  as  in  phenomenology  work, 
or  in  the  event  of  unexpected  simultaneous  pulsing  of  several 
tubes.  When  images  overlap,  considerable  confusion  can  occur. 
Figure  7  illustrates  a  case  where  the  position  of  the  tail  of  the 
rod  is  being  measured  at  supposedly  equal  short  intervals  as  the 
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rod  sinks  into  a  target.  It  is  suspected  that  tubes  2  and  3 
flashed  simultaneously  because  images  12  and  13  are  not  where  they 
were  expected.  If  this  is  true,  the  true  positions  of  the  tails 
should  coincide  for  these  two  tubes.  But  just  which  image  goes 
with  which  tube?  To  find  out,  assume  that  both  tubes  could  have 
made  either  image,  and  plot  the  two  true  positions  in  each  of  the 
two  alternate  cases,  along  with  the  (supposedly)  good  positions. 

If  12  and  13  were  projected  from  tubes  2  and  3  r e s pe c t i v ley ,  then 
the  true  positions  of  the  tails  would  be  A  and  D  respectively. 
Alternately,  if  12  was  from  3  and  13  from  2,  the  positions  would 
be  B  and  C  respectively,  essentially  the  same  point  in  this 
figure.  Coupled  with  the  observation  that  the  distance  AD  is  not 
approximately  one-third  of  the  distance  EF,  one  could  conclude 
that  tubes  2  and  3  did  indeed  flash  simultaneously. 


(OTHER  IMAGES  OMITTED  FOR  CLARITY) 

Figure  7.  Testing  the  Alternate  Hypotheses  that  Tubes  2  and  3 
Flashed  Sequentially  or  Simultaneously 


IV.  A  SECOND  RECTIFICATION  METHOD 

A  strictly  graphical  method  for  rectifying  images  is  suitable 
for  use  when  all  objects  are  in  the  same  plane  parallel  to  the  film 
and  the  magnification  factor  is  the  same  for  each  image.  This 
second  method  takes  advantage  of  the  fact  that  each  independent 
image  is  just  a  magnified  view  of  the  items  in  its  object  plane. 
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In  Figure  8,  two  separate  heads  are  projecting  portions  of 
imaginary  grid  representing  the  range  coordinate  system  onto  the 
film  plane  below.  Each  grid  square  in  the  image  is  enlarged  by 
the  magnification  factor  M.  Viewed  relative  to  PI,  everything 
from  the  first  head  maintains  its  same  relative  position,  and  is 
just  magnified  uniformly.  The  same  is  true  for  the  image  pro¬ 
jected  by  the  second  head.  However,  the  distances  between  a  point 
in  the  first  area  and  another  point  in  the  second  area  vary  in  a 
seemingly  complex  fashion.  For  example,  though  the  distance  from 
PI  to  P2  is  the  same  in  object  and  image,  the  distance  between  U' 
and  V  is  much  smaller  than  actually  is  the  case  for  the  object 
points  U  and  V.  Conversely,  the  image  distance  is  increased 
between  points  on  opposite  sides  of  their  respective  sources. 


OBJECT 

PLANE 


M  A 


MA 


Figure  8.  Relationship  Between  Real  and  Virtual  Source  Point 
Locations  in  Three  Dimensions  when  Graphically 
Rectifying  Multi-flash  Radiographs 
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If  the  second  image  area  were  moved  so  that  it  was  centered  on 
the  point  P2  where  02  would  be  projected  on  the  image  plane  by  the 
first  tube,  then  everything  in  the  displaced  image  would  be  in  its 
proper  place  relative  to  PI,  just  magnified  by  the  factor  M.  To 
illustrate,  the  distance  U'V'  is  just  M  times  the  distance  UV  . 

The  light  dashed  lines  from  PI  thru  U  and  V  show  the  effect  of 
this  transformation* 

A  convenient  way  of  understanding  this  is  to  imagine  that  you 
have  been  given  the  task  of  producing  a  drawing  of  everything  in 
the  object  plane,  scaled  up  by  a  factor  M.  You  know  that  the 
separation  of  the  tube  heads  must  be  increased  from  S  by  a  factor 
M,  and  so  you  plot  these  two  points  at  the  increased  scale  on  a 
blank  piece  of  paper  of  the  appropriate  size.  Then  you  begin  the 
odious  task  of  drawing  a  magnified  version  of  everything  around  01 
in  the  object  plane*  Next  you  do  the  same  for  the  region  around 
02,  but  centered  around  the  second  point  representing  the  scaled- 
up  location  of  the  second  tube,  a  distance  M  times  S  from  the 
first.  You  continue  measuring  the  images  and  plotting  the  results 
until  you  suddenly  realize  that  everything  in  the  first  image  on 
the  radiograph  is  already  at  the  appropriate  scale.  A  better 
approach  immediately  becomes  obvious:  cut  out  the  region  around 
PI  and  paste  it  to  the  required  drawing  centered  at  the  first 
scaled-up  tube  location.  Proceed  to  cut  out  and  paste  the  region 
around  P2  centered  on  the  second  scaled  point  (and  appropriately 
oriented),  and  so  on  for  each  tube,  until  the  job  is  done. 

The  drawback  to  this  approach  is  that  the  images  on  real 
radiographs  are  horribly  overwritten,  so  that  individual  images 
cannot  be  neatly  separated.  This  is  dealt  with  by  tracing  the 
desired  features  from  each  flash  onto  a  master  overlay  on  tracing 
paper  or  similar  medium.  First,  lay  out  the  scaled-up  separation 
of  the  tube  heads  on  the  overlay,  along  with  a  suitable  angular 
reference  such  as  a  fiducial  wire.  Then  center  and  orient  the 
overlay  over  the  image  point  directly  under  the  first  tube 
location  and  trace  the  desired  features.  Move  the  tracing  paper 
to  center  the  second  scaled  tube  head  location  over  the  second 
sub-source  point  and  orient  the  tracing  appropriately.  Do 
likewise  for  each  tube  head. 

This  method  is  very  suitable  for  preparing  report  illustra¬ 
tions.  The  resulting  outline  drawings  produce  very  good  copy 
quality  under  the  most  unfavorable  reproduction  conditions,  while 
tremendous  care  is  required  to  produce  even  marginally  acceptable 
visual  material  from  even  the  best  quality  radiographs.  Informa¬ 
tion  is  conveyed  quickly  and  easily  in  the  tracings  of  the  feature 
outlines,  and  at  the  same  time,  extraneous  material  such  as  multi¬ 
ple  shadows,  images  of  breakscreens  ,  strands  of  wire,  debris,  and 
defects  in  the  film  are  all  excluded. 
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The  oniy  drawback  to  this  second  method  is  the  increased  scale 
e  rawings.  Where  it  is  desired  to  measure  a  considerable 
quantity  of  material  directly  from  a  rectified  sketch  of  this 
nature,  it  is  useful  to  prepare  a  ruler  graduated  to  this  in¬ 
creased  scale  .  In  the  absence  of  access  to  a  copy  camera  (where  a 
eal  ruler  can  be  photographed  at  any  increased  scale),  one  can 
easiiy  do  the  job  graphically  using  similar  triangles  as  shown  in 
igure  9.  To  avoid  lots  of  work,  use  a  technique  familiar  to 

or  draftsmen.  Graduate  only  the  major  divisions,  then 
v  e  a  single  division  in  the  opposite  direction  beyond  zero 
to  whatever  degree  of  fineness  is  required.  Distances  are  meas- 
by  Pla<-ing  the  appropriate  major  division  on  one  feature  and 
adding  the  distance  from  zero  to  the  fine  graduation  that  lines  up 
with  the  other  feature.  A  clear  flat  scale  graduated  on  the  face 
touching  the  film  is  the  best  arrangement. 


Figure  9.  Generating  a  Custom  Scalejfor  Reading  Magnified  Images 

In  closing,  it  should  be  noted  that  rectification  of  radio- 
graphic  images  is  seldom  necessary  except  when  doing  ballistic 
work  for  phenomenology,  when  preparing  graphical  material ,  or  when 
r o ub 1 e sho o t i ng .  However,  when  it  is  necessary,  the  product 
cannot  be  any  more  accurate  than  the  location  of  the  fiducials  on 
*  m  relative  to  the  tube  heads,  or  than  the  accuracy  to  which 
e  magnification  factor  is  known.  Thus,  where  accurate  results 
are  required,  careful  measurement  of  the  geometry  of  the 
radiographic  range  is  necessary. 


17 


DISTRIBUTION  LIST 


Copies  Organization 

12  Administrator 

Defense  Tech  Info  Center 
ATTN:  DTIC-DDA 
Cameron  Station 
Alexandria,  VA  22314 

1  Director 

Defense  Advanced  Research 
Projects  Agency 
ATTN:  Tech  Info 
1400  Wilson  Boulevard 
Arlington,  VA  22209 

1  Commander 

US  Army  Materiel  Development 
and  Readiness  Command 
ATTN:  DRCDRA-ST 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

5  Commander 

ARDC/USA  AMCC0M 
ATTN:  DRSMC-TDC(D) 

DRSMC-TSS (D) 

DRSMC-LD(D) 

Mr.  T.  Stevens 
Mr.  J.  Pearson 
Mr.  J.  Campoli 
Dover,  NJ  07801 

1  NQDA 

DAMA-ART-M 

Washington,  DC  20310 
1  Commander 

US  Army  Development  §  Employment 
Agency 

ATTN:  M0DE-TED-SAB 
Fort  Lewis,  WA  98433 


Copies  Organization 

1  Commander 

ARDC/USA  AMCC0M 
ATTN:  DRSMC-TSD(D) 

(Mr.  Fulton) 

Dover,  NJ  07801 

1  Commander 

.ARDC/USA  AMCC0M 

ATTN:  DRSMC-SC(D) 

(Mr.  L.  Baldini) 
Dover,  NJ  07801 

1  Commander 

USA  AMCC0M/ARDC 
ATTN:  DRSMC-LCB 

(Dr.  J.  E.  Flaherty) 
Benet  Weapons  Laboratory 
Watervliet,  NY  12189 

1  Commander 

USA  AMCC0M/ARDC 
ATTN:  DRSMC-LCB-TL(D) 

Benet  Weapons  Laboratory 
Watervliet,  NY  12189 


1  Commander 

US  Army  Armament,  Munitions 
and  Chemical  Command 

ATTN :  DRSAR-LEP-L( R) 

Rock  Island,  IL  61299 

1  Commander 

US  Army  Aviation  Research 
and  Development  Command 
ATTN:  DRDAV-E 
4300  Goodfellow  Blvd 
St.  Louis,  M0  63120 

1  Director 

US  Army  Air  Mobility  Research 
and  Development  Laboratory 
Ames  Research  Center 
Moffett  Field,  CA  94035 

1  Commander 

US  Army  Communications  Rsch 
and  Development  Command 
ATTN:  DRSEL-ATDD 
Fort  Monmouth,  NJ  07703 


19 


DISTRIBUTION  LIST 


Copies  Organization  Copies  Organization 


1  Battelle  Northwest 
Laboratories 
PO  Box  999 
ATTN:  G.  D.  Harr 
Richland,  WA  99352 

1  Director 

Lawrence  Livermore  Laboratory 
ATTN:  Dr.  M.  L.  Wilkins 
PO  Box  808 

Livermore,  CA  94550 


1  Los  Alamos  Laboratory 
PO  Box  1663 
ATTN :  C •  W •  Mau  t  z 
Los  Alamos,  NM  87544 

1  Sandia  Laboratories 
ATTN:  David  Overmier 

Albuquerque,  NM  87115 

1  Director 

National  Aeronautics  and 
Space  Administration 
Langley  Research  Center 
Langley  Station 
Hampton,  VA  23365 

2  AAI  Corporation 
PO  BOX  6767 
ATTN:  R.  Lanier 

R*  L.  Kachinski 
Baltimore,  MD  21204 

1  Aerojet  Ordnance  Company 
9236  East  Hall  Road 
Downey,  CA  90241 

1  Aerospace  Corporation 
2350  E.  El  Segundo  Blvd. 
ATTN:  L.  Rubin 
El  Segundo,  CA  90245 

1  AVC0  Systems  Division 
201  Lowell  Street 
ATTN:  Dr.  Reinecke 

Wilmington,  MA  01803 


1  Boeing  Aerospace  Company 
ATTN:  Dr.  N.  A.  Armstrong 
Seattle,  WA  98124 

1  Brunswick  Corporation 
4300  Industrial  Avenue 
ATTN:  P.  S.  Chang 
Lincoln,  NE  68504 

1  Calspan  Field  Services 
AEDC  Division 
ATTN:  James  Blanks 
VKF/RIB 
Mail  Stop  440 
Arnold  Air  Force  Station 
TN  37389 

1  Effects  Technology,  Inc. 

5383  Hollister  Avenue 
Santa  Barbara,  CA  93111 

1  Electric  Power  Research 
Institute 
P0  Box  10412 
ATTN:  Dr.  George  Sliter 
Palo  Alto,  CA  94303 

1  Firestone  Defense  Research 
and  Products 
1200  Firestone  Parkway 
ATTN:  L.  E.  Vescelius 
Akron,  OH  44317 

1  FMC  Corporation 

Ordnance  Engineering  Division 
ATTN:  Anthony  Lee 
San  Jose,  CA  951 14 

2  Ford  Aerospace  and 

Communications  Corporation 
Ford  Road,  P0  Box  A 
ATTN:  L.  K.  Goodwin 
Lee  A.  Tobias 
Newport  Beach,  CA  92660 

1  GT  Devices 

5705  A  General  Washington 
Drive 

ATTN:  Niels  Winsor 
Alexandria,  VA  22312 


22 


DISTRIBUTION  LIST 


Copies  Organization 

1  General  Dynamics 

Land  Systems  Division 
ATTN:  N.  S.  Sridharan 
PO  Box  2507 
Warren,  MI  48090 

1  General  Dynamics 
Pomona  Division 
ATTN:  J.  H.  CuaJros 
PO  Box  2507 
Pomona,  CA  91766 

1  General  Electric  Company 
Lakeside  Avenue 

ATTN:  D.  A.  Graham,  Room  1311 
Burlington,  VT  05401 

1  President 

General  Research  Corporation 
ATTN :  Library 
McLean,  VA  22101 

1  Goodyear  Aerospace  Corporation 
1210  Massilon  Road 

Akron,  OH  44315 

2  H,  P.  White  Laboratory 
3114  Scarboro  Road 
Street,  MD  21154 

2  Honeywell,  Inc. 

Government  and  Aerospace 
Products  Division 
ATTN:  Mr.  J.  Blackburn 

Mr.  K.  H.  Doeringsfeld 
600  Second  Street,  NE 
Hopkins,  MN  55343 

1  Hughes  Aircraft  Corporation 

Tucson,  AZ  85706 

1  Lockheed  Palo  Alto  Research 
Laboratory 
3251  Hanover  Street 
ATTN:  Org  5230,  Bldg  201 
Mr.  R.  Robertson 
Palo  Alto,  CA  94304 


Copies  Organization 

1  Lockheed  Missiles  and  Space 

Company 
PO  Box  504 

ATTN:  R.  L.  Williams 
Dept.  81-11,  Bldg  154 
Sunnyvale,  CA  94086 

2  Martin-Marietta 
PO  Box  5837 

ATTN:  Mr.  Robert  A.  Harvey 
Mr.  Jim  Mackey 
Orlando,  FL  32805 

3  New  Mexico  Institute  of 

Mining  and  Technology 
ATTN:  Phil  McLain,  TERA  Group 
Socorro,  NM  87801 

1  Orlando  Technology,  Inc. 

P0  Box  855 

ATTN:  Mr.  J.  Osborn 
Shalimar,  FL  32579 

1  Director 

Lawrence  Livermore  Laboratory 
ATTN:  Mr.  N.  W.  Stewart 
P0  Box  808 

Livermore,  CA  94550 

2  Physics  Applications  Inc. 

800  Britton  Rd. 

ATTN:  Mr.  H.  F.  Swift 
Dayton,  OH  45429 

1  Rockwell  International 
Missile  Systems  Division 
ATTN:  A.  R.  Glaser 
4300  E.  Fifth  Avenue 
Columbus,  OH  43216 

6  Southwest  Research  Institute 
Department  of  Mechanical 
Sciences 

ATTN:  Mr.  B.  L.  Morris 
Mr.  T.  R.  Jeter 
Mr .  J .  L .  Rand 
Mr.  J.  S.  Wilbeck 
Mr.  A.  B.  Wenzel 
Mr.  P.  H.  Zabel 
8500  Culebra  Road 
San  Antonio,  TX  78228 


23 


